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(57) Abstract: A motor stator (12) having increased flux-carrying capacity and 
a method of increasing the flux-carrying capacity is described; a sleeve (14) of 
ferro-magnetic material is first inserted into housing (12) of ferro magnetic material, 
thereby increasing the thickness, and consequently the flux-carrying capacity, of the 
housing, a mixture of plastic and magnet powder is then injection moulded into the 
housing/sleeve and passes through perforations (30) located in the sleeve to adhere to 
both the sleeve and the housing and form arcuate magnet segments (16, 18); resulting 
in stronger adhesion between the magnets and the housing/sleeve and increased 
flux-carrying capacity of the steel behind the magnets. 
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AMENDED CLAIMS 

[received by the Intemalional Bureau on 7 Februao' 2002 (07.02.02); 
original claims 1-16 replaced by amended claims 1-13 (2 pages)] 

1 . A stator comprising: 

a. a housing ( 1 2) of ferro- magnetic material; 

b. at least one magnet (16,1 8) located within the housing; 

c. a sleeve (14) is nested between the housing (12) and the magnet 
(16,18) 

characterised in that 

d. the sleeve is a band (14) of ferro-magnetic material having perforations 
(30); 

and, 

e. the at least one magnet (16,18) is a moulding extending through the 
sleeve perforations (30). 

2. A stator as claimed in claim 1 and further characterised in that the sleeve 
(14) is fixed to the housing (12). 

3. A stator as claimed in claim 1 or claim 2 and further characterised in that 
the housing (12) is steel. 

4. A stator as claimed in any of claims 1 to 3 and further characterised in that 
the sleeve (14) has a protrusion (20) located in a hole (22) in the housing (12). 

5. A stator as claimed in any of claims 1 to 4 and further characterised in that 
the axial heights of the magnet (16,18) and the sleeve (14) are approximately 
equal. 

6. A stator as claimed in any of claims 1 to 5 and further characterised in that 

two magnets (16,18) are fixed within opposing sides the sleeve (14). 

7. A stator as claimed in any of claims 1 to 6 and further characterised in that 
the magnet longitudinal edges (24,25,26,27) comprise a more coercive 
material than the centre portions (28,29) thereof 
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8. A stator as claimed in claim 7 and further characterised in that the magnet 
centres portions (28,29) comprise a non-magnetic materiaL 

9. A stator as claimed in claim 8 and further characterised in that the 

nonmagnetic material comprises plastic. 

10. A stator as claimed in any of claims 1 to 9 and further characterised in that 
plastic spacers are located between opposed edges (24,25,26,27) of opposing 
magnets (16,18). 

11. A stator as claimed in any of claims 1 to 10 and further characterised in 
that magnet material extends through the sleeve perforations (30) to adhere to 
the housing (12). 

12. A method of manufacturing a stator comprising the steps of> 

a. locating at least one magnet (16,18) within a housing (12) of ferro- 
magnetic material; 

b. nesting a sleeve (14) between the housing and the at least one magnet; 
characterised:- 

c. in that the sleeve (14) is a band of ferro-magnetic material having 
perforations (30); 

and, 

d) by the step of moulding the at least one magnet (16,18) to extend 
through the sleeve perforations. 

13. The method of claim 1 1 and further characterised by the step of moulding a 
mixture comprising plastic powder and magnetic powder within the sleeve 
(14) to form the at least one magnet (16,18). 
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(57) Abstract: A motor stater (12) having increased flux-carrying capacity and a method 
of increasing the flux-carrying capacity is described; a sleeve (14) of ferro- magnetic ma- 
terial is first inserted into housing (12) of ferro- magnetic material, thereby increasing the 
thickness, and consequently the flux-carrying capacity, of the housing, a mixture of plastic 
and magnet powder is then injection moulded into the housing/sleeve and passes through 
perforations (30) located in die sleeve to adhere to both the sleeve and the housing and form 
arcuate magnet segments (16, 18); resulting in stronger adhesion between the magnets and 
the housing/sleeve and increased flux-carrying capacity of the steel behind the magnets. 
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Permanent Magnet Stator Asseinbiv and Me thod of Manufacturing. 

This invention relates a permanent magnet stator and to manufacturing 
staters; preferably, but not exclusively, for electric motors. 

Permanent magnet stators produce a magnetic field that interacts wilh the 
electromagnetic armature field, thereby producing torque. This interaction between 
the two fields results in rotation of the armature, also referred to as the rotor. Some 
stators typically comprise one or more pairs of arcuate magnetic segments positioned 
and secured in a hollow cylindrical housing of ferro-magnetic material. The housing 
attracts and completes the flux lines (hereinafter referred to as "carrying" or 
"capturing" the flux) produced by and between the alternating north and south poles 
of the magnets. . 

The magnets of many stators have traditionally been mounted to the housing 
using adhesive applied to the inner wall of the housing and/or to the outer surface of 
the magnets, or, alternatively, mechanical locking means such as clips or sprmgs. 
Document US-A-5,2 16,306 discloses mechanically fixing the magnet in the housing 
and has the object of the invention of reducmg the weight of a motor by 
manufacturing the outer cylinder of the motor casing of the motor fl-om a non-ferro- 
magnetic material, as opposed to the traditional ferro-magnetic material. A thin iron 
or other +ferro-magnetic material inner cylinder is fitted inside the outer cylinder, 
thereby providing the necessary magnetic material without significantly increasing the 
weight of the casing. The magnets are then fitted in the inner cylinder with magnet 
holders. 

Such mechanical locking means, as well as adhesives, require positionmg and 
handling of both the housing and the magnets which, in addition to requiring fixing 
and handling systems and processes, can lead to performance and reliability problems. 
The magnets, most often ceramic ferrite, can chip or break during insation into the 
housing, resulting in motor failure. Additionally, damage can occur to the other 
motor components when the manufacturer is attempting to msert and properly affix 
the magnets to the housing. Traditional means used to secure the magnets are 
vulnerable to mechanical wear and eventually can fail. Failure of the adhesive or 
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mechanical retention of springs or clips results in magnet movement relative to the 
housing. If the magnets are no longer properly aligned, fewer flux lines are produced, 
resulting in a weaker magnetic field and consequent performance reduction and/or 
premature motor failure. 

In addition to these problems resulting from the poor retention of magnets in 
the housing known housings are less effective stators. The housing carries the flux 
produced by the magnets and, the thicker the (steel) housing, the greater its flux 
carrying capacity. If the housing is not sufficiently thick it may not have the capacity 
to carry all of the flux lines produced by the magnets; the housing will become and 
saturated by the flux and some flux will leak; leading to weaker magnetic fields and 
non-optimum motor performance. 

Consequently, designers desiring to use higher energy magnets in motors, such 
as Rare Earth Magnets including Neodymium Iron Boron (NdFeB) and Samarium 
Cobalt (SmCo), need thicker housings to capture the increased flux produced by these 
magnets. Unfortunately, constraints on the size of the housing and limitations 
inherent in traditional manufacturing processes result in housings too thin to carry the 
flux of these higher energy magnet materials. Therefore, regardless of the size of the 
magnets used, traditional housings are only capable of carrying a limited amount of 
flux. The increased flux produced by these higher energy magnets is consequently 
lost, thereby eliminating the desired benefit (increased motor performance) of using 
such magnets. Designers, therefore, simply resort to using the lower energy magnets. 

Docimient GB-A-2308017 discloses a ring made of steel material disposed so 
as to abut against field core claws, resin permanent magnets are moulded onto the ring 
and to abut between the claws. Document EP-A-0 168743 discloses a stator having a 
tubular yoke or housing with an aimular or ring-segmental plastic magnet injection 
moulded or pressed onto the inside of the yoke. 

It is an object of the present invention to provide a permanent magnet stator 
that overcomes the above-stated problems by providing improved mechanical 
retention and/or increased flux carrying capability of magnets in a housing of ferro- 
magnetic material . 
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According to the present invention, a stator comprises a housing of ferro- 
magnetic material, at least one magnet located within the housing and a sleeve of 
ferro-magnetic material nested between the housing and the magnet The sleeve 
increases the thickness and, consequently, the flux-carrying capacity of the housing 

According a first embodiment of the present invention, the sleeve is fixed to 
the housing,, which may be of steel. 

According to a second embodiment of the present invention, the sleeve has a 
protrusion located in a hole in the housing. 

According to a third embodiment of the present invention^ the at least one 
magnet is a moulding. . 

According to a fourth embodiment of the present invention, the sleeve has 
perforations. 

According to a fifth embodiment of the present invention, longitudinal magnet 
edges comprise a more coercive material than magnet centre portions; which may 
comprise a non-magnetic material such as plastic. 

Also according to the present invention, a method of manufacturing a stator 
comprises locating at least one magnet within a housing of ferro-magnetic material 
and nesting a sleeve of ferro-magnetic material between the housing and the magnet. 

According to a first embodiment of the method of the present invention 
comprises moulding a mixture comprising plastic powder and magnetic powder 
within the sleeve to form the at least one magnet; portions of the magnet may be 
moulded through perforations in the sleeve. The perforations allow the mixture to 
pass through parts of the sleeve, forming a mechanical lock resulting in stronger 
retention of the magnets in the housing/sleeve. 
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The stator of the present invention addresses the problenas of previous stators 
by providing:- 

1) a stator with a thicker housing and magnets more securely affixed to 
the housing, 

2) an automated method of inserting the magnets into the housing, 
and 

3) a thicker housing that will allow for effective use of higher energy 
magnets, thereby decreasing the occurrence of both loss of flux and 
physical damage to the stator components without significantly 
increasing the cost of production of the stator. 

The above and other features of the present invention are illustrated by way of 
example in the Drawings, wherein:- 

Fig- 1 is an exploded perspective view of a two permanent magnet stator in 

accordance with an embodiment of the present invention; 

and. 

Fig. 2 is a perspective view of the assembled stator of Fig. 1 . 

As shown by the drawings, a stator 10 includes a cylindrical housing 12 of 
ferro-magnetic material, a cylindrical iimer sleeve 14 of ferro-magnetic material and a 
pair of arcuate or part cylindrical, segmental magnets 16 and 18; the stator could 
contain more than one magnet pair, only one pair is shown for ease of illustration. 
The inner sleeve 14 is first inserted into the housing 12 to nest therein. The sleeve 14 
may be a continuous or discontinuous band If the sleeve 14 is a discontinuous band 
it can have an outer diameter equal or greater to the diameter of the inner wall of the 
housing 12 so that the inserted sleeve 14 will naturally tend to expand and bear 
against the inner wall of the housing 12. Regardless of whether the sleeve 14 is a 
continuous or discontinuous band, the sleeve 14 may be fixed to the housing. For 
example, spot welding, glue or any other mechanical locking means may be used to 
fix and reinforce the sleeve 14 in the housing 12. Moreover, a protrusion 20 may be 
provided on the outside of the sleeve 14 to complement a hole 22 in the housing 12. 
Alignment of the protrusion 20 into the hole 22 further locks the sleeve 14 into place. 
The housing 12 and sleeve 14 may be made from steel or soft iron any other type of of 
ferro-magnetic material. 
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Once the sleeve 14 is in place, the magnets 16, 18 are inserted into the 
subassembly of housing 12 and sleeve 14 by injection moulding. A suitable powder 
and a suitable plastic powder are mixed and heated until the plastic becomes molten. 
The molten magnet mixture is then injection moulded into the sleeve 14 and hardens 
almost instantaneously to form arcuate magnetic segments 16, 18. The intended 
height of the sleeve 14 and the magnets 16, 18 are preferably (although not 
necessarily) equal, so that open ends 32, 34 of the sleeve 14 can provide physical 
stops for an injection mould; the mould abutting the sleeve ends 32, 34 and being 
further shaped to create a cavity into which the molten mixture is injected to form the 
magnets 16, 18. 

While the magnets 16, IS may be moulded from the same magnetic material, a 
reduction in the cost of manu&cture may be attained by using a two component 
moulding process, whereby longitudinal edge portions 24, 25, 26, 27 of the magnets 
16, 18 are moulded from a higher coercively material than the centre portions 28, 29. 
The higher the coercively of a material, the greater its resistance to demagnetisation, 
and often the more expensive it is. 

Alternatively, because a centre portion, 10-20^ of the arcuate centre portion of 
28, 29 of each magnet 16, 18, does not contribute to motor performance; that portion 
could be moulded from a cheaper, less-magnetic or non-magnetic material, a thinner 
magnet or eliminated altogether to further reduce the cost of manufacture. 

After the molten mixture is injected into the sleeve 14, perforations 30 located 
in the sleeve 14 allow the molten mixture to pass through the sleeve 14 and directly 
contact the iimer wall of the housing 12, thereby providing maximum magnet 
retention in the housing 12. Magnet retention may be further enhanced by moulding 
non-magnetic plastic spacers between the opposed edges 24, 25, 26, 27 of the magnets 
16, 18. These plastic spacers can also be used to marry the stator with other motor 
components, such as brush carriers or bearing holders. 
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Insertion of the sleeve 14 into the housing 12 allows increased thickness of the 
housing 12 in the critical locations behind the magnets 16, 18; thereby enabling the 
housing 12 to capture all or more of the flux produced by the magnets 16, 18, without 
the need to employ a more costly manufacturing process to produce thicker housings. 
Moreover, because the sleeve-reinforced housing 12 is equipped to carry more flux, 
higher energy magnets of the same physical size can be used without waste of flux. 
This results in increased performance of the stator 10, and consequently the motor, 
without increasing the size of the magnets 16, 18 or the cost of manufacturing the 
stator 10. Finally, injection moulding the magnet arcs 16, 18 into the housing 12 
eliminates the potential failure modes of the stator components resulting from 
mishandling of the magnet arcs 16, 18 as well as retention problems of the magnet 
arcs 16, 18 in the housing 12. 

In a bi-directional motor, the edge portions 24, 25, 26, 27 bear the bmnt of the 
demagnetisation force and therefore require a higher coercively material than the 
centre portions 28, 29. Therefore, using the more coercive material only where it is 
really needed (at the edge portions 24, 25, 26, 27) and using a less expensive, lower 
coercively material at the centre portions 28, 29 of the magnets 16 anf 18 results in 
significant economies of manufacture. 

For uni-directional motors, the leading edge of the magnets could be moulded 
of a higher remanence material to increase the flux linkages and thereby motor 
performance. The trailing edges could still be moulded of the higher coercively 
material to resist demagnetisation. 
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Claims: 

1 . A stator comprising: 

a. a housing ( 1 2) of ferro- magnetic material; 

b. at least one magnet ( 1 6, 1 8) located within the housing; 
characterised in that 

c. a sleeve (14) of ferro- magnetic material is nested between the housing 
(12) and the magnet (16,1 8). 

2. A stator as claimed in claim 1 and further characterised in that the sleeve 
(14) is fixed to the housing (12). 

3. A stator as claimed in claim 1 or claim 2 and further characterised in that 
the housing (12) is steel. 

4. A stator as claimed in any of claims 1 to 3 and further characterised in that 
flie sleeve (14) has a protrusion (20) located in a hole (22) in the housing (12). 

5. A stator as claimed in any of claims 1 to 4 and further characterised in that 

the at least one magnet (16,18) is a moulding. 

6. A stator as claimed in claim 5 and further characterised in that the sleeve 
(14) has perforations (30). 

7. A stator as claimed in any of claims 1 to 6 and further characterised in that 
the axial heights of the magnet (16,18) and the sleeve (14) are approximately 

- equal. 

8. A stator as claimed in any of claims 1 to 7 and further characterised in that 
two magnets (16,18) are fixed within opposing sides the sleeve (14). 

9. A stator as claimed in any of claims 5 to 8 and further characterised iii that 

the longitudinal edges (24,25,26,27) of each magnet (16,18) comprise a more 
coercive material than the centre portion (28,29) of each magnet. 
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10. A stator as claimed in claim 9 and further characterised in that the magnet 
centres portions (28,29) comprise a non-magnetic material. 

11. A stator as claimed in claim 10 and further characterised in that the 

nonmagnetic material comprises plastic. 

12. A stator as claimed in any of claims 5 to 10 and further characterised in 
that plastic spacers are located between opposed edges (24,25,26,27) the 
opposing magnets (16,18). 

13. A stator as claimed in any of claims 4 to 10 and further characterised in 
that magnet material extends through the sleeve perforations (30) to adhere to 
the housing (12). 

14. A method of manufacturing a stator comprising locating at least one magnet 
(16,18) within a housing (12) of ferro- magnetic material characterised by 
the step of nesting a sleeve (14) of ferro- magnetic material between the 
housing (12) and the magnet 

15. The method of claim 14 and further characterised by the step of moulding a 
mixture comprising plastic powder and magnetic powder within the sleeve 
(14) to form the at least one magnet (16,18). 

16. The method of claim 15 and further characterised by the step of moulding 
the mixture through perforations (30) in the sleeve (14). 
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